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d9) RU (n) 2046361 (13)C1 

(51) 6 G01R27/22, G01N27/07 



❖EflEPAflbHAH CJ1Y>K5A 
no HHTEJIJIEKTyAflbHOl/1 
COSCTBEHHOCTH, 
nATEHTAM H TOBAPHbIM 3HAKAM 
(POCFIATEHT) 

(i2)OnMCAHME 
H30EPETEHl/m 

k naTeHTy Poccmmckom Oeflepaqmi 

CTa-ryc: no aaHHbiM Ha 19.03.2007 



(71) Hwin 3aaBHTejia: BepeBKHH B.M.; 
EbiCTpoB B.A.; nojiflKOB C.E. 

(72) Hmh M3o6peTaTena: BepeBKHH B.M.; 
BbicTpoB B.A.; no/iHKOB C.E. 

(73) Hmh naTeHTOo6^aAaTena: BepeBKMH 
BanepMw Hbshobhh; EbicrpoB 
BanepMH AjieKcaHflpoBim 



(14)flaTa nySnnKamin: 1995.10.20 

(21) PeracTpaqwoHHbiti Howiep 3aflBKM: 5024034/10 

(22) flaTa noflaHW 3aflBKn: 1992.01.27 
(45) OnyS/iMKOBaHo: 1995.10.20 
(56) AHanora M3o6peTeHiw: 1. ABTopcKoe 

CBHfleTeribCTBO CCCP N 1538148, Kn. G 01R 
27/22, 1987. 2. ABTopcKoe CBHAerenbCTBo CCCP 
N 1762262, m. G 01 R 27/22, 1990. 3. ABTopcKoe 
CBiifleTe ji bCTBo CCCP N 1684724, Kn. G 01R 
27/22, 1989. 

(54) yCTPOMCTBOflflfl I43MEPEHHA yflEJlbHCM SJlEKTPOnPOBOflHOCTM 
>KHflKMX CPEfl 

Mcno/ib30BaHwe: H3Mepew<ie yflenbHotf aJieicrponpoBOflHOc™ «nflKnx cpefl b ycnoBrax flewcTBHn ctopohhux 
mctomhhkob TOKa. CyiUHocrb W3o6peTeHra: ycTpofiCTBo Ana M3MepeHnn yaenbHOCi 9JieKTponpoBOflHOCTn 
>KMflKHX cpefl coflepwwT Aa-rsHK, BbinojiHeHHbifi b BWfle CTaKaHa H3 TBepfloro fluaneicrpMHecKoro wiaTepnana, 
b Kopnyce KOToporo ycTaHOB/ieHbi flHCKOBbiw n KonbLteBoii axieiopoflbi, KOTopbie noflicriioMeHbi k 
perncrpaTopy Hanpra<eHiia, fluCKOBbiw aneicrpofl sepea nooieflOBaTe/ibHO coeflKHeHHbie perwcrpaTop tokb m 
nepewieHHbiii pe3HCTop noflKnroneH k wcTOMHWKy nmaHna, b KaMecTBe KOToporo ncnonb30BaH mctomhmk 
nmamn, TexHonoiwecKoro npoqecca. 1 vm. 1 TaSji. 

OnilCAHME M30BPETEHM« 

M3o6peTeHue othocmtch k M3MepwTenbHotf TexHuxe, b sacTHOCTH k ycTpoftcTBaM fljin ii3MepeHWfl yflenbHoCi 
aneicrponpoBOflHoc™ jkmakhx cpefl b ycjioBiwx fleficTBHa crapoHHux mctomhmkob toks, b tom Mucne b 
noxajibHbix o6teMax c hm3kom nnoTHocTbio Tora. 



M3BecTeH flaTMWK, coflep>Kau4MM KepaMwwecKKiw Kopnyc c KaHanoM ftns BbiBOflOB n M3MepHTenbH0fi 
nonocTbio, flBywifl TOKOBbiiuw aneiopoflaMM, TpeiMH noTeHUuanbHbiMw 30Hflaivin, coeflMHeHHbiwin c 
i/i3MepMTejibHotf nonocTbio. KepaiMMHecKMM Kopnyc BuncwiHeH OTKpbrrbiwi cHM3y. Me>Kfly BepxHUM topmom v\ 
M3MepnTejibHoii nonocTbio KepaMnnecKoro Kopnyca pacnoncoKeH KaHan pjv\ npoflVBaHna nonocrw i/mepTHbiM 
ra30M [1] 

HeflOdaTKOM aToro ycTpoficTBa ABJweTCfl HeB03Moa<HOCTb M3MepeHMa yaejibHbix aneicrponpoBOflHocTeH 
«nflKMx cpefl b ycjioBnax oflHOBpewieHHoro npoTeKaHMfi no Hefl Toi<a ot cropoHHero MCTOHHWKa. 3to cBA3aHo 
cTewi, hto M3wiepeHne ocyu4ecTBnaeTCH ot BHyTpeHHero ncroHHHKa TOKa. npn Hanrnvm cropoHHero 
MCTOHHMKa TOKa b M3iuepnTeJibHoR nonoc™ 6yfleT paBeH cys/we flByx tokob: BHyTpeHHero m CTopoHHero, hto 
bhocmt Sonbujue norpeuiHOcru h flenaeT HeflocTOBepHbiMM pe3ynbTaTbi M3MepeHWW. 3to ncunioHaeT 
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B03MO)i<HocTb M3MepeHMH yflexibHoft aneiaponpoBOflHocTH b arperare c HenpepbiBHbiM npoTeraHMeiu nepe3 
WHflKyio cpefly paSonero TOKa, HanpwMep pacnnasa wwxTbf b anioMMHMeBOM 3neKTponM3epe. B nocneflHeivi b 
pa6oneM pexwiue i/icKniweHa B03MO>KHocTb p,axe KpaTKOBpewieHHoro OTKnioHeHMa paSovero TOKa. Kpowie 
Toro, flaTHMK cnoweH no KOHcrpyKqwu. 

M3BecTeH KOHTaicrHbiK flaTMMK, coflepxaniHM fluanempMHecKyio Tpy6Ky c Tpeiwa KonbqeBbiivM aneicrpoflaMw, 
oflHH M3 Ko-ropbix pacnonaraeTca cHapyjKM, a Asa BHyTpu 3anoAnwuo c noBepxHocrbro creHKW TpySiw, 
perncTpaTop HanpaweHMa, aiwnepMeTp, nepeiueHHbiw peaKcrop, coflsp^MT BHyipeHHuw mctomhmk toks h 
BbiKmonaTe/ib, npw stom HapyxHbitf aneicrpofl m oamh m BHyTpeHHMx aneicrpoflOB pacnono>KeHbi nocepeflUHe 
TpygKH, BHyTpeHHue sneirrpoAbi coeflMHeHbi nepe3 peracrpaTop HanpaxeHwa, pacnonoweHHbie nocepeAUHe 
Tpy6Kw, HapyxHbiw w BHyTpew-mCi sneicrpoA coeflHHeHbi nepe3 nocneAOBaTenbHD BKnfoneHHbie 
BbiKnioHaTejib, aMnepwieTp, mctomhmk TOKa n nepeMeHHbifi pe3ncrop [2] 

HeflocTaTKoiui 3Toro ycTpoiicTBa aBnjieTca TecHas 3aBMCMiuiocTb BeriMHMHbi TOKa, npoTeKaioiAero no 
M3MepflewioMy ynacTKy MccneflyeMOM cpeflbi BHyTpu aaTHMKa, ot ero n pocTpaHCTBeHHofi opMeHTaqwM 

OTHOCMTe/l bHO SKBMTOKOBblX TIMHMM. T3K K3K no OflHOMy M3 y3KMX KOJlbL|eBblX 3n6KTp0fl0B, BXOflHUJMX B 

M3MepMTenbHyio qenb peracrpaTopa HanpaweHMfl, npcreKaeT cmjiobom tok, to Ha hsm sktmbho npoTeKaiOT 
nonHpM3aqwoHHbie npoueccbi. BcneflCTBMe 3Toro noHMwaeTca TOHHocrb nsMepeHun yflenbHofi 
siieicrponpoBOAHocTM Mcc/ieayeMOM cpeAbi. 

HaM6ojiee 6jim3kmm no TexHimecKOM cymnocTM k npeAnaraewioMy aanaeTca ycrpoCiCTBO nm M3MepeHna 
yAenbHoCi srieicrponpoBOAHOc™, KOTopoe BbinormeHO b BMAe AwaneicrpMHecKOM Tpy6KM c tokobumm m 

KOJlbqeBblMM W3MepMTe/lbHblMM SneKTpOAaMM, M3 KOTOpbfX TOKOBbie M OAMH M3 M3MepMTenbHblX 3neKTpOAOB 

pacnonoweHbi BHyTpM TpygKM, coAep«MT aMnepwieTp, peracrrpaTopbi, AononHMTeribHO coAepwwT 
nepeiweHHbiM pe3wcTop, noAKnioHeHHbiM nepe3 aiwnepMeTp k He3a3eMxieHHbiM tokobum sneiapoAaM, 
BbinonHeHHbiM b BMAe amckob, pa3AeneHHbix Apyr OTApyra M3onauwoHHOM npoioiaAKOM, npw stom HapyxHbie 
aneKTpoAbi, noAKmoneHHbie k nepBowiy peracrpaTopy, pacnojioweHbi cooTBeTCTBeHHO hba BHyrpeHHMM 
M3MepnTenbHbiM aneirrpoAOM m 6nM5KafiujMM k Hen/iy TOKOBbiM sneiopoAOM, Koropwe noAKniOMeHbi k btopomv 
perMcrpaTopy [3] 

ycrpoficTBO cneuMariM3MpoBaHHoe, m npM n3MepeHMM yflenbHbix sneinponpoBOAHOcTeii whakmx cpeA Ha 
wiartbixTOKax era TOMHocTb naAaeT, tsk ksk M3Mepaeiviaa Benn4MHa TOKa craHOBMTca coM3MepMiwoM c 
oujm6kom aivinepivieTpa. flpn ywieHbiueHMH BenMMMHbi conpoTMBneHMa nepeMeHHoro pe3Mcropa cwna toks, 
npoxoAHiAero Mepe3 ynacTOK wccneAyeMOM cpeAbi, pacnonoKeHHbifi BHyTpM Tpy6KM AaTMMKa, 
yBejiMHMBaeTca. 3to yBenwHeHMe bo3Mo>kho ao npeAena, orpaHMMeHHora cyMMapHbiM aneicrpMHecKMM 
conpoTMBJieHMeiw noABOAaiAwx npoBOAOB m aMnepiweTpa. Ecnw xe nanpaxeHHOCTb sneicrpMMecKoro nonn Ha 
A3HHOM ysacTKe nccneAyewiOM cpeAbi wiana, to 0Ka3biBaeTca ManoCi BenMHMHa cmjiw Toica ot ctopohhmx 
mctohhmkob TOKa. OHa npM BecbMa Manbix HanpaxeHHoc™ aneicrpuHecKoro nojin m njiOTHocrw TOKa ot 
ctopohhmx mctohhmkob TOKa 0Ka3biBaeTca 6riM3KOM k ouiM6Ke M3MepeHMa cMJibi TOKa aMnepivieTpoM. 
YcTpoficTBO He no3BonaeT cymecTBeHHo sriMaTb Ha TOMHocTb M3iviepeHMa nyTewi aKTMBHoro BwieiuaTenbCTBa 
b npouecc M3iwepeHMa. TaK, npM iwanbix 3HaseHnax Hanpa>KeHHOCTM sneiapMHecKoro nona m nnoTHOCTM tokb 
ot ctopohhmx mctomhmkob yBejiMHeHMe CMJibi TOKa Ha MccneAyeMowi ynacTKe aneicrpMHecKOM uenw BHyTpM 
Tpy6KM AaTMMKa bo3mo>kho nuiiJb nyTeM yweHbiueHMa ao Hyna BeriMHMHbi conpoTMB/ieHMa nepeMeHHoro 
pe3MCTopa. flanbHeMuiee yBenMHeHMe cMnw tokb Ana noBbiiueHwa tohhoctm M3iwepeHMa yAenbHOM 
sneiaponpoBOAHOCTM cpeAbi OKa3biBaeTcn HeB03M0WHbiM. CymecTBeHHbiM HeAOCTaTKOM stoto ycTpoticTBa 
aBnseTca 06a3aTenbHaa opMeHTaqMa AaTHMKa BAortb aKBMTOKOBbixfiMHWM. 3TOTpe6yeT cneLtnaribHbix 
npMcnoco6neHMM AJia opweHTaMMM asthmkb, mto BeAer k yAOpojKanMio ctommoctm 3Toro ycrpoMCTBa. 

Uenb M3o6peTeH«a co3AaHMe ycrpoMCTBa Ana M3Mepewia yAenbHOM sneicrponpoBOAHOCTM, KOHCTpyKL|Ma 
KOToporo o6ecneHMBana 6bi noBbimeHMe tohhoctm M3iwepeHMa yAenbHbix sneicrponpoBOAHocreM 
wccneAyeMbix cpeA b o6-beMax c MMHMiwanbHbiMM 3HaneHMaMM nnoTHocrM TOKa ot ctopohhmx mctohhmkob. 

CymeCTso M3o6peTeHMa 3aKnroHaeTca btom, hto ycTpoMCTBO una M3MepeHwa yAenbHOM 
sneicrponpoBOAHOCTM, coAepwamee A3thmk c pacnonoJKeHHbiM b neM a^okobum m ranbueBbiM 
aneKTpoAaMM, pemcTpaTop TOKa m perMcrpaTop HanpaxeHMa, BicnioHeHHbiPi Me>KAy AWCKOBbiM m KonbqeBbiwi 
sneKTpoAaMM, nepeMeHHbifi pe3MCTop, ycrpoMCTBo flna ycraHOBKM AaTwa b MCcneAyeMbiiS noKanbHbiCi 
06-beiw, oho AononHMTenbHO coAep>KMT craKaH, BbinoxiHeHHbiii M3 AMSJieiapMHecKoro MaTepMana, npwneM 
AMCKOBbiii sneKTpoA nepe3 perMCTparop TOKa m nepeiueHHbm pe3MCTop coeAMHen co ctopohhwm mctohhmkom 
nMTaHMa. 

ycTpoiicTBO no3BonaeT He Tonbra npo»3B0AMTb M3MepeHMe b jkmakom cpeAe b ycnoBnax B03AeMCTBMa Ha 
Hee ctopohhmx mctohhmkob TOKa, ho m Mcnonb30BaTb 3tm mctohhmkm b npoyecce M3iwepeHMa. H3MeHeHweM 
BeriMHMHbi conpoTMBneHMa nepeMeHHoro pe3MCTopa mo>kho enwaTb Ha TOHHocTb M3iwiepeHMa m nonynaTb 
xopoiuMe pe3ynbTaTbi Aaxe npM Martbix TexHonomHecKMX TOKax ot ctopohhmx mctohhmkob, T.e. Tex TOKax, 
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KOTopbie npoTenaioT no wmakom cpefle b arperaTe. 3to bo3mo>kho 6jiardflapa Toiwy, mto npu coeflUHeHMH 
TOKOBoro flMCKOBoro aneicrpofla c oahom M3 KnewiM mctomhhio fiMTaHMfl H3 ajieicrpuMeCKOM qenn wcicnioMaeTCH 
yMacrc-K c ropa3flo 6onbtiiMM conpoTOBneHneM, Meiw conpcmiBJieHMe M3OJiai4noHH0ft npowiaAKM b M3BecTH0M 
ycTpowcTBe. B npefljiaraeMOM ycrpoHCTBe ceMeHMe ncKniOMaeMoro yMacrea 3/ieicrpMMecKOfi ueni/i 
cooTBeTCTByeT3Cp4)eKTOBHOMy nonepeMHOMy ceMeHwo BaHHbi arperaTa, Ha Koropoe tok pacTeKaeTca b 
o6-beMe arperaTa, a flrwHa paccroaHMio ot flMCKOBoro aneicrpoAa flaTMiwa ao sneicrpofla arperaTa, KOTopbiCi 
coeflMHeH c oflHOw M3 KneMM HCTQHHMKa nwTaHMH. 3to paccroHHMe Taioice wiojKeT MHoroKpaTHo npeBbiiuaTb 
finwHy H3onni4MOHHOM npoxnaflKM npoTowna. npu yMeHbiueHMM conpoTOB/ieHna nepeiueHHoro peancropa 
yBennsMBaioTca HanpaweHHocrb m n/ioTHocrb TOKa Ha M3MepaeM0M yMacrce wccneflyeivioPi cpeflbi. Tamu 
o6pa30M cuny TOKa mowho yBarwHHTb HacTO/ibKO, mto ouunSKa M3MepeHnn perwcTpaTopa toio oK33biBaeT 
HecymecTBeHHoe anmme Ha pe3yribTaT M3iwepeHMn. (lafleHue HanpsweHMfl Mexyiy aiieicrpoflaMM 6yfleT 
nponopuMOHanbHO yflenbHoPi aneiaponpoBOflHocra cpeflbi. 

npu norpyweHKW b Mcc/ieflyeiwyio cpefly flaTMMK 3ano/iHseTCfl wniflKocrbio. 06-beM wwflKocr™ cTporo 
cpKiKCwpoBaH n 33BMCMT ot reoMeTpwMecKMx pa3Mepos flaTMMKa. npu npoTeKaHMH TOKa ot CTopoHHero 
MCTOMHHKa Ha aneicrpoAax B03HW<aeT pa3H0CTb noTeHuna^oB, KOTopan 3aBMCMT ot yflenbHoii 
aneicrponpoBOflHOCTM q nccneflyeMOii cpeflbi m reoiweTpnn o5ben/ia kmakoctm BHyTpw AaTMMKa. fl/ia 
CHM^eHiia neneum norflpM3amiM tokobuCi 3ne«rpofl BbinoriHeH b BMfle cnnoaiHoro flucna. fina npepbiBaHwn 
napanneribHOfi Menu, KOTopan wiorna 6bi 3aiwbiKaTb flwcKOBbiCi w KonbueBoGi sneicrpoflbi no wccneflyeMOM 
cpeAe c BHeiuHe« CTopoHbi flaTMMKa, ocHOBaHMe craKaHa BbinonHeHo H3 fluaneiapuMecKoro iwaTepi/iana. 

Ana y/Benmenvm tomhoctm «3MepeHHfl q ycTpoiicTBOM HeoSxoflHMO, MTo6bi OKBMTOKOBbie nwHUw npw 
noflxofle k KonbqeBOMy aneicrpofly Sbinn napajinenbHbi. Ran sroro aneicrpofl pacnonaraeTCH b cepeflnne 
craKaHa. Enaroflapa 3TOMy M3 M3MepnTenbHOM qenn MCKnioMaeTCH yMacTOK c HeoflHopoflHbiwi 3neKTpMMecKMM 
sneKTpuHecKMM no/iew. TbMHocTb M3MepeHMfl q He onpefle/weTca pacnojioxeHMeM flaTMMKa OTHocMTe/ibHO 
SKBHTOKOBbix tihhmh. ripu nro6oM pacnonoweHHM ycTpoficTBa b MccJieflyeMOM npocrpaHCTBe curia tok3 b 
H3MepMTeribHoii qenw 6yfleT ocraBaTbca flocTaTOHHO BbiconoCi npu iwanbix 3HaMeH«nx racamero 

COnpOTMBJieHMJl R. 

TaKMM o6pa30iw, cpaBHeHMe 3anBneHHoro peuieHMa c flpyraMM TexHMMecKHMM peineHwiMM noKa3biBaeT mo 
BBefleHHbiii sneMeHT ujvipoKO n3BecreH, ero BBefleHwe b yica3aHH0fi cbs3m c flpyrawin sneMeHTaiwn 
ycTpoficTBa, TexHonorwMecKoro arperaTa m CTopoHHero MCTOMHHKa nMTaHMfl, mx B3anMHoe pacnonoweHfte 
npMBOflflT k nojiBJieHMK) HOBbix BbiLueyi<a3aHHbix cbo«ctb, no3Boraiou4MX noBbicwTb TOMHocTb H3wiepeHMa 
yflenbHbix aneiaponpoBOflHOCTeR jkmakhx cpefl npw ManbiXTexHonomMecKMx TOKax ot CTopoHHero 

MCTOMHHKa. 

3to flaeT B03iwo*HOCTb cflenaTb BbiBOfl o cooTBeTCTBun npefljio>KeHHoro TeXHMMecKoro peiueHMfl 
M3o5peTaTenbCK0My ypoBHra. 



Ha MepTeKe npeflCTasneHa cpyHKLiwoHanbHaa cxewia ycTpo^cTBa atir W3MepeHMS yflenbHoti 
aneicrponpoBOflHocTM. 

ycrpoSiCTBO coflepwMTflaTMMKyfleribHOM 3JieKTponpoBOflHOCTH, coctohu4mm m cTaKaHa 1, BbinonHeHHoro M3 
flManeiapMMecKoro wtaTepwana, flwcKosoro 2 m raribMeBoro 3 aneicrpoflOB, a TaioKe perwcTpaTop 4 
Hanpn>KeHM5i, peracrpaTop 5 tokb m nepeweHHbiM pe3«CTop 6. 

3neicrpoflbi 2 m 3 coeflMHeHbi Memy co6om Mepe3 perwcTpaTop 4 Hanpaxenm. flMCKOBbiM aneKTpofl 2 Mepe3 
perwcTparap 5 toks m nepewieHHbiM pe3MCTop 6 coeflMHeH c oahom M3 KneMM MCTOMHHKa 7 riMTaHMs. 

CT3K3H, BbinoxiHeHHbiPi M3 AMsneKTpMMecKoro MaTepwana, cnyxMTflna BbiMneHeKua M3 MccneflyewioM cpeflbi 
noKa/ibHoro npocTpaHCTBa c orpaHMMeHHbiM m tomho HSBecTHbiiw oSteMOM. npu 6onbiuMX pa6oMnx 
TeivinepaTypax vt arpeccMBHOM cpefle CTaraH iwoweT 6biTb BbinonHen M3 nonnxnopBMHMna, TeKcraniiTa, 
cpToponnacrra. ripM 6onee bwcokhx TeMnepaTypax M3 MaTepwanoB c 6onbiueCi TeMnepaTypo« nnaBneHMa 
HanpMwiep anyHfla. 

flHo CTaKaHa BbinoriHneTC3 M3 Tararo we TsepAoro MaTepwana, mto m CTeHKM CTaKaHa. B OTJiMMwe ot 
npeAnaraeivioro ycrrpo^cTBa b ycTpoMCTBe-npoTOTwne MsonaqiioHHaa npoicnaAKa BbinonHeHa M3 
AMsneirrpMKa, Haxoflamerocn b oflHOM 113 arperaTHbix cocTonHMii: TBepfloiw, wmakom, ra30o6pa3HOM. B 
MacTHOCTM, npoKnaAKa woweT BbinonHsqTbcn M3 B03flyxa, oBnaflaioiAero AOcraTOMHO BbicoKOM 
AManeKTpMMecKOM npoHMyaeiuiocTbio. B npeAnaraeMOM we ycrpoMCTBe aho craKaHa He iwoxeT 6biTb wmakhm 
mxim ra3oo6pa3HbiM, TaK Kan b 3tom cnyMae auckobum aneicrpoA 6yAeT KOHTaKTM poBaTb c MccneAyeMoii 
cpeAow c APyroCi cropoHbi craKaHa. B 3tom cnyMae Mepe3 perMCTpaTop TOKa nofifleT flonoriHMTenbHbiii tok 
mto BHeceT 3HaMMTeribHbie norpeiUHocTM b npoLiecc M3MepeHwa. 
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AncKOBbiCi 3/ieiapoA BocnpuHMMaeT Becb pa60HwwTOK, npoTeKaraifliiPi qepe3 flaTHHK, nosTowiy o6naflaeT 
Bonbujen njio^aflbio. nonflpn3au.ua noHnxeHa, tbk iok c yBenmemeu nnomaflw yMeHbwaeTca nnoTHocTb 
TOKa. Wepe3 vtmepmenbrnm aneKTpofl npoTeKaiOT He6onbuine tokm no cpaBHeHwo c TOKOBbiwi sneicrpoflOM 
Bnmme nojinpn3aunM 3Aecb MHHHiuanbHO. 3/ieicrpoflbi Bbino/iHHiOTCH m MaTepwana c BbicoroH 
aneicrponpoBOAHocTbio « hmskoPi cicnoHHOcTbK) k nosepxHOCTHoti nonflpiisauMw. npw 3HawnTenbHofi 
TeMnepaType H3yMaeiwo« jkwakoh cpeflbi wiaTepwaji aneinpoAOB flonrceH o6naflaTb BbicoKoti 
)KaponpoMHOCTbK5, a npn noBbiweHHOfi arpeccHBHoc™ cpeflbi xopoweCi Koppo3MOHHofi cTofiKOCTbio jim6o 
*apocTOHKocTbio. 06a ajieicrpofla Moryr 6biTb BbinonHeHbi «3 nnawHbi, Hep^aBeioifleii CTanw a npH 
bwcokmx Tewineparypax M3 flMBopufla umpkohhs, Kap6nfla KpewiHna. 

nepeiweHHbifi pesncrop 6 BbinojmneT cpyHKUiro racamero conpoTMBneHra w orpaHMMMBaeT MaKcuiwajibHo 
flonycTMMbiw tok ! gmax , npoTeKarooint! Mepes flMCKOBbifi aneicrpoA flaTHWKa b npeflenax 0,05-0,1 A. Era 
HOMHHanbHoe 3HaHeHwe R paccHMTbiBaeTca no cpopiuyne R o „ (1 0-20) U (1 ) rfle U 

1 g max 0 ' 05 - 0 -! 

HanpjweHMe xoriocroro xofla crropoHHero mctohhhio nwraHiw TexHonorn4ecicoro arperaTa b kotodom 
npoM3BOflMTcn M3MepeHwe, B. 

VcsenmisHvie emu TOKa CBepx l gmax sefleT k 3HamiTenbH0H aKTHBH3aLinu nonflpwsaunoHHbix npoueccoB Ha 
3JieKTpoflax m noHM)KeHMio TOMHOCTM i/i3iuepeHHfl (cm. Moccenb IO.R ajieiapuMecKMe nons nocToaHHbix 
tokob. Jl. 3HeproaTOMH3flaT, 1986, c.59, 81). 

flriFi noweuieHHfl fla-Twa b nccneflyeMyio cpefly ycrpoflCTBo cHa6x<eHo uiTaHroii, Hanpwviep, b BMfle nonoro 
cTepwHs (Ha MepTe>Ke He noKa3aHa), saKpenneHHofi k cepeflMHe cTaKana flaTMMKa. npn HeoSxoflMMOc™ 
crep>KeHb BbinonHneTcn via wapocTotiKoro w waponpowHoro MaTepwanoB, bhvtpm Hero npoKnanbiBaioT 
coeflHHUTejibHbie npoBOfla. 

ycrpofiCTBo pa6oTaeT cneflyioLflHM o6pa30M. 

AaTMMK norpywaroT b nccneflyeMyio WHflKocTb, no KOTopofi npoTeKaer anefcrpimecKi/iii tok, Hanpwviep, b 
ujnaKOByro saHHy npw aneicrpoiunaKOBOM nepermaBe, npw aneicrpoujnaKOBoPi HannaBKe, cBapKe m T.n'. 
riepeivieHHbiivi pe3MCTopoM ycTaHasnnBaeTCfl BemwMHa TOKa b M3MepMTejibH0fi u.enn, He npeBbiuiarouuaa 
0,05-0,1 A (npn flanbHefiiueivi yBenMHeHMM cujih TOKa B03pacTaeT nonnpM3auna awckoboto aneicrpoAa, 
yBennHMBaeTca 3rviewaTenbCTBo b TexHonoraMecKnti npoqecc, Tpe6yioTCH flaTm™ 6ortbiunx pa3iuepoB n 
Bbiiue fluawieTp noflBOflfliflvix npoBOflos). 3aTeM cpMKcwpyiOTCH noKa3aHiw perncTpaTopoB TOKa v\ 
HanpnweHnyi. 

YflenbHaa siieirrponpoBOAHOCTb wccneflyeMow cpeflbf HaxoflWTcn no cpopiwyne qi i cmm w' (2) rfle I curia 

s • u " 

Toica no noi<a3aHHK) perncTpaTopa TOKa, A; 

U Hanpa>KeHiie no noKa3aHMio perwcTpaTopa HanpnweHwn, B; 

I paccTOJiHue Me>Kfly aneiapoflaMM, m; 

S nnomaflb nonepenHoro ceneHMfi flucraBoro aneicrpoAa, m 2 . 

K I/S HBTiaeTCfl BenMMMHOM nOCTOHHHOH M 33BHCHT OT reOMeTpHHeCKMX pa3MepOB flaTHMKa. OKOHHaTeJlbHO q 
K £ CMM M" 1 (3) 
u " 

BBMfly iwanux tokob, MAyiflux Mepe3 perncTparap HanpjKKeHMn, M3MepMTenbHbi« aneicrpoA npaKraqecKW He 
noABepraeTca nojiapn3aqnoHHbiM npoqeccaivi. B qenowi TOMHOCTHbie xapaicrepwcTHKW ycTpoJiCTBa npn I 
-0,05-0,1 A npaKTMMecKM He 3aBiicaT ot nonnpn3aLiMOHHbix npoqeccoB. 

MeTponornsecKHe xapaKTepucraKH ycrpoRCTBa nonyneHbi npw cpaBHMTexibHOM M3MepeHMW pacTBopa KCI 
npw 20°C HopManbHoft KOHueHTpaqHM 0,1 H. Pe3ynbTaTbi M3MepeHHM npuBefleHbi b TaSnnue. 

npefl/iaraewioe ycrpowcTBo no cpaBHeHMio c npoTOTwnoM no3BonaeT c 6o^bUJeM TOHHocTbio M3wiepHTb 
yfle^bHbie s^eicrponpoBOflHOCTM >KMflKMX cpefl npw hm3kwx n/ioTHOcrax TOKa ot cropoHHero MCTOWHMKa TOKa 
ycTpoiicTBO npocrro no KOHcrpyKqiin. Hpouecc M3MepeHMfl npouje, HeM npn Mcnonb30BaHM« ycTpo^CTBa- 
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npoTOTuna. 

OOPIWyjIA W305PETEHMfl 

YCTPOtf CTBO flJIfl W3MEPEHHA YflEJlbHOI/l SJlEKTPOnPOBOflHOCTM XMflKHX CPEEfl, cofiepacamee 
fluaxieicrpwwecKyro Tpy6Ky c pacnojioweHHbiiMM b »e9i flucKOBbiiw w KonbLfeBbiM 3neicrpoAaMM, 
fluaneKTpuMecKyio npoicnaAKy, pacnoJicoKeHHyro b6jm3h ot flwcicoBoro aneicrpofla m o6pa3yiomyio BMecTe c 
flH3neKTpnMecK0fi Tpy6Ko8 craKaH, penicrpaTop HanpaweHMa, BioiKMeHHbiii wie>KAy awckobum m KojibqesbiM 
3/ieicrpoflaMM, noflKnwMeHHbie k flHCKOBOMy anetrrpoay u nocneAOBaTenbHO coeflMHeHHbie perwcTpaTop TOKa 
m nepeMeHHbiii pe3ncrop, orjiwHarouieetsa Tewi, mto aho craKaHa, npeAcraBJiaioii|ee coSofi AMsneKrpuHecKyio 
npoKJiaflKy, BbinojiHeHO TBepflbiM n «3 toto AwaneicrpimecKoro iwaTepnana v\ tom we Tonu^Hbi, hto m 
TpySna, a b KanecTBe MCTOHHMKa nuTamis) fljia trawiepeHna Mcnojib30Ban mctomhmk nwTaHMa 
TexHo^orwHecKoro npoqecca, k Bbixofly KOTOporo noflKnioHeH BTopofi bmboa nepeiweHHoro pe3Hcropa. 



http://www.fips.ru/cdfi/fips.dll? 



23.03.07 



2046361 



Grp. 6 h:j 6 



M3BEtMEHMfl K riATEHTY HA M30EPETEHME 



Kofl M3MeHeHM3 npaaoBoro craTyca WIIUI4A - flocpoHHoe npeKpameHMe neiicTBusi naTeHTOB P<t> 

H3-3a HeynnaTbi b ycTaHoeneHHbiM cpoK nouuiHH 3a 
noflflepwaHwe naTeHTa b cwie 

Rara ny6nnKaLinii SionneTeHH 2000.06.20 
Hoiwep 6ionjieTeHfl 17/2000 
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(54) Title DEVICE FOR MEASURING SPECIFIC ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA 

(57) Abstract Use: measurement of specific electric 
conductivity of liquid media under the action of 
external current sources. Invention essence: a 
device for measuring specific electric conductivity 

5 of liquid media comprises a sensor made in the 
form of a cup from a solid dielectric material, 
encased within which cup are a disk-shaped and a 
ring-shaped electrodes that are connected to a 
voltage recorder, the disk-shaped electrode being 
10 connected to a power supply via a current recorder 
and a variable resistor connected in series, wherein 
a technological process power supply is used as the 
power supply. 1 Figure, 1 Table. 
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DEVICE FOR MEASURING SPECIFIC 
ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA 
Description 
5 The invention relates to measuring 
equipments, in particular to devices for measuring 
specific electric conductivity of liquid media under 
the action of external current sources, including the 
measurement in local volumes at a low current 
10 density. 

Known is a sensor comprising a ceramic 
casing having a channel for lead-outs and a 
measuring cavity, two current electrodes, three 
potential probes connected to the measuring 
15 cavity. The ceramic casing is bottom-opened. A 
channel for purging the cavity with an inert gas is 
arranged between an upper end and the measuring 
cavity of the ceramic casing [1]. 

A drawback of this device is in impossibility 

20 to measure specific electric conductivities of liquid 
media under the conditions of a current 
simultaneously flowing therethrough from an 
external current source. This is due to that the 
measurement is performed from an internal current 

25 source. When an external current source is present 
in the measuring cavity, a current will be equal to 
the sum of two currents: internal one and external 
one, which brings about great inaccuracies and 
renders the measurement results unreliable. This 

30 makes it impossible to measure specific electric 
conductivity in an apparatus with a working 
current continuously flowing through a liquid 
medium, for example a raw mixture melt in an 
aluminum production electrolytic cell. In the latter, 

35 even a short-term interruption of the working 
current is impossible in the operating mode. 
Moreover, the sensor is complicated in structure. 

Known is a contact sensor comprising a 
dielectric tube having three ring-shaped electrodes 

40 one of which is arranged on the outside and the 
two others are mounted in the inside aflush with a 
tube wall surface, a voltage recorder, an 
amperemeter, a variable resistor, an internal 
current source and a switch, wherein the outside 

45 electrode and one of the inside electrodes are 
arranged at the middle of the tube, the inside 
electrodes are connected to each other via the 
voltage recorder, the outside and inside electrodes 
arranged at the middle of the tube are connected 

50 via the switch, amperemeter, current source and 
variable resistor all connected in series [2]. 

A drawback of this device is the close 
relationship between a value of current flowing 
through the measured portion of the medium to he 

55 investigated within the sensor, and its spatial 
orientation with respect to equi-current lines. Since 
a power current flows through one of the narrow 



ring-shaped electrodes included into the 
measuring circuit of the voltage recorder, 

60 polarization processes actively takes place at this 
electrode. Consequently, the measurement 
accuracy for specific electric conductivity of the 
medium to be investigated is decreased. 

Closest to the inventive device with respect 

65 to technical matter is a device for measuring 
specific electric conductivity, which is made in 
the form of a dielectric tube with current 
electrodes and ring-shaped measuring electrodes 
of which the current electrodes and one of the 

70 measuring electrodes are arranged within the 
tube, comprises an amperemeter and recorders, 
further comprises a variable resistor connected 
via the amperemeter to the ungrounded current 
electrodes made in the form of disks separated 

75 from each other by an isolation spacer, wherein 
the outside electrodes connected to the first 
recorder are arranged above the inside measuring 
electrode and the current electrode closest 
thereto, respectively, which are connected to the 

80 second recorder [3]. 

The device is of special-purpose and, when 
measuring specific electric conductivities of 
liquid media at low currents, its accuracy drops 
as the measured current value becomes 

85 commensurable with an inaccuracy of the 
amperemeter. When a resistance value of the 
variable resistor is decreased, an intensity of the 
current flowing through a portion of the medium 
to be investigated, which portion being arranged 

90 within the tube of the sensor, is increased. This 
increase is possible up to a limit restricted by the 
total electrical resistance of lead wires and the 
amperemeter. If an electric field strength at this 
portion of the medium to be investigated is small, 

95 a current intensity value from external current 
sources becomes then small. The value becomes 
close to a measuring error for the current 
intensity by the amperemeter when both the 
electric field strength and the current density 
100 from external current sources are quite low. The 
device does not permit to substantially affect the 
measurement accuracy by way of active 
intervention into the measurement process. For 
example, at low values of the electric field 
105 strength and the current density from the external 
current sources, an increase in current intensity at 
the investigated portion of the electrical circuit 
within the tube of the sensor is possible only by 
decreasing the resistance value of the variable 
110 resistor down to zero. A further increase in 
current intensity in order to enhance the 
measurement accuracy for specific electric 
conductivity of the medium becomes impossible. 
An essential drawback of this device is obligatory 
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orientation of the sensor along equi-current lines. 
This requires special means for orienting the 
sensor, which leads to raising the cost of this 
device. 

5 An object of the invention is in providing a 
device for measuring specific electric conductivity, 
a structure of which would allow to increase the 
measurement accuracy for specific electric 
conductivities of media to be investigated in 
10 volumes having minimal current density values 
from external sources. 

An essence of the invention is in that the 
device for measuring specific electric conductivity, 
comprising a sensor with a disk-shaped and a ring- 
15 shaped electrodes arranged therein, a current 
recorder and a voltage recorder connected between 
the disk-shaped and ring-shaped electrodes, a 
variable resistor, a device for inserting the sensor 
into a local volume to be investigated, further 
20 comprises a cup made of a dielectric material, 
wherein the disk-shaped electrode is connected to 
an external power supply via the current recorder 
and the variable resistor. 

The device permits not only to carry out the 
25 measurement in a liquid medium under the action 
thereupon of external current sources, but also to 
use these sources in the measurement process. By 
varying a resistance value of the variable resistor, 
it is possible to affect the measurement accuracy 
30 and to obtain good results even at low 
technological currents from the external current 
source, i.e. those currents that flow through the 
liquid medium in an apparatus. This is possible 
thanks to that, by connecting the current disk- 
35 shaped electrode with one of terminals of the 
power supply, a portion having a much greater 
resistance than that of the isolation spacer in the 
known device is excluded from the electrical 
circuit. In the inventive device, a cross-section of 
40 the excluded electrical circuit portion corresponds 
to an effective cross-section of a bath in the 
apparatus, over which section the current spreads 
within the apparatus, and a length of said portion 
corresponds to a distance from the disk-shaped 
45 electrode of the sensor to an electrode of the 
apparatus, which is connected to one of the 
terminals of the power supply. This distance can 
also exceeds a length of the isolation spacer of the 
closest prior art in many times. When a resistance 
50 of the variable resistor is decreased, an electric 
field strength and a current density at the measured 
portion of the medium to be investigated are 
increased. Thus, a current intensity can be 
increased so much that a measurement error of the 
55 current recorder has an unessential effect on the 
measurement result. A voltage drop between the 



electrodes will be proportional to a specific 
electric conductivity of the medium. 

Upon immersion into the medium to be 

60 investigated, the sensor is filled with a liquid. A 
volume of the liquid is strictly fixed and depends 
on geometric dimensions of the sensor. When a 
current flows from the external current source, a 
potential difference occurs across the electrodes, 

65 which potential difference depends on the 
specific electric conductivity q of the medium to 
be investigated and on the geometry of the liquid 
volume within the sensor. In order to lower the 
polarization phenomenon, the current electrode is 

70 shaped as a solid disk. In order to interrupt a 
parallel circuit which could close the disk-shaped 
and ring-shaped electrodes via the medium to be 
investigated at the external side of the sensor, a 
base of the cup is made of a dielectric material. 

75 In order to improve the measurement 
accuracy for q by the device, it is necessary that 
equi-current lines be parallel when approaching 
to the ring-shaped electrode. To this end, the 
electrode is located in the middle of the cup. Due 

80 to this, a portion having a non-uniform electrical 
field is excluded from the measuring circuit. The 
measurement accuracy for q is not determined by 
a position of the sensor with respect to the equi- 
current lines. At any position of the device in the 

85 space to be investigated, the intensity of current 
in the measuring circuit will remain sufficiently 
high at low values of dropping resistance R. 

Thus, a comparison of the claimed solution 
with other technical solutions shows that the 

90 incorporated element is widely known, its 
incorporation in said connection with other 
elements of the device, the technological 
apparatus and the external power supply and their 
mutual positioning result in occurring the new 

95 above-mentioned properties which allow to 
improve the measurement accuracy for specific 
electric conductivities of liquid media at low 
technological currents from the external current 
source. 

100 This makes it possible to conclude that the 
claimed technical solution involves an inventive 
step. 

In the drawing, a functional diagram of the 
device for measuring specific electric 
105 conductivity is shown. 

The device comprises a specific electric 
conductivity sensor consisting of a cup 1 made of 
a dielectric material, a disk-shaped electrode 2 
and a ring-shaped electrode 3, and also a voltage 
110 recorder 4, a current recorder 5 and a variable 
resistor 6. 

The electrodes 2 and 3 are connected 
therebetween via the voltage recorder 4. The 
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disk-shaped electrode 2 via the current recorder 5 
and the variable resistor 6 is connected with one of 
the terminals of the power supply 7. 

The cup made of a dielectric material serves 
5 to articulate from the medium to be investigated a 
local space having a limited and precisely known 
volume. At high working temperatures and in an 
aggressive medium, the cup can be made of 
polyvinylchloride, a textolite, a fiuoroplastic, and 
10 at higher temperatures of materials having a higher 
melting temperature, for example alundum. 

A bottom of the cup is made of the same 
solid material as walls of the cup. In contrast of the 
inventive device, the closest prior art device has an 
15 isolation spacer made of a dielectric present in one 
of the aggregative states: solid, liquid, gaseous. In 
particular, the spacer can be made of air exhibiting 
a sufficiently high dielectric permittivity. In the 
inventive device, the cup bottom cannot be liquid 
20 or gaseous because in this case the disk-shaped 
electrode will contact the medium to be 
investigated at the other side of the cup. In this 
case, an additional current will flow through the 
current recorder, which will bring about substantial 
25 inaccuracies into the measurement process. 

The disk-shaped electrode senses all the 
working current flowing through the sensor and 
therefore has a greater area. The polarization is 
lowered because the current density decreases as 
30 the electrode area increases. Small currents flow 
through the measuring electrode as compared to 
the current electrode. Here, an effect of the 
polarization is minimal. The electrodes are made 
of a material having a high specific electric 
35 conductivity and a low susceptibility to surface 
polarization. At a substantial temperature of the 
liquid medium to be studied, the electrode material 
has to exhibit a great high-temperature strength 
and, in case of increased aggressiveness of the 
40 medium, a good corrosion resistance or heat 
resistance. Both of the electrodes can be made of 
platinum, stainless steel and, at high temperatures, 
of zirconium diboride, silicon carbide. 

The variable resistor 6 performs the function 
45 of dropping resistance and restricts a maximum 
permissible current I gmax flowing through the disk- 
shaped electrode of the sensor in a range of 0.05- 
0.1 A. A nominal resistance value R of the variable 
resistor is calculated by the formula 

- J ec- =(10-20)U OC (1) 



50 R=iL>c_ = 

I gmai 0.05-0.1 



where U 0 c is an open circuit voltage of the 
external power supply of the technological 
apparatus in which the measurement is carried out, 
V. 



55 An increase in current intensity above the 
Igmax results in a substantial activation of the 
polarization processes at the electrodes and in a 
decrease in the measurement accuracy (see Iossel 
Yu. Ya., Electrical fields of constant currents. 

60 Leningrad, 'Energoatomizdat' publisher, 1986, 
p.59, 81). 

In order to place the sensor into the 
medium to be investigated, the device is provided 
with a steam, for example in the form of a hollow 
65 rod (not shown in the drawing), fixed to the 
middle of the sensor cup. If necessary, the rod is 
made of heat-resistant and high-temperature 
materials, and connecting wires are laid within 
said rod. 

70 The device operates as follows. 

The sensor is immersed into the liquid to 
be investigated through which an electrical 
current flows, for example, into a slag bath in 
electroslag remelting, in electroslag hard-facing, 

75 in slag welding and so on. An intensity of the 
current in the measuring circuit is set by the 
variable resistor so as not to exceed 0.05-0.1 A 
(if the current intensity increases further, the 
polarization of disk-shaped electrode raises, the 

80 intervention into the technological process 
enhances, sensors of greater dimensions are 
required, and a diameter of the lead wires is 
higher). Then, readings of the current and voltage 
recorders are noted. 

85 A specific electric conductivity of the 
medium to be investigated is found out by the 
formula 



LI, 

q = — x — , S-m 1 
S U 



(2) 



where I is a current intensity according to the 
90 reading of the current recorder, A; 

U is a voltage according to the reading of the 
voltage recorder, V; 

L is a distance between the electrodes, m; 
S is a cross-section area of the disk-shaped 
95 electrode, m 2 . 

K=L/S is a constant and depends on 
geometrical dimensions of the sensor. Finally, 

q = Kx-,Sm"' (3). 
U 

In view of the low currents going through the 
100 voltage recorder, the measuring electrode is not 
practically subjected to the polarization 
processes. In general, the accuracy performance 
of the device at I = 0.05-0.1 A is practically 
independent of the polarization processes. 
105 Metrological performance of the device 
was obtained during a comparative measurement 
of a KC1 solution of a 0.1N normal concentration 
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at 20°C. The measurement results are given in the 
table. 

When compared to the closest prior art, the 
inventive device allows to measure, with a greater 
5 accuracy, specific electric conductivities of liquid 
media at low current densities from external 
current sources. The device structure is simple. 
The measurement process is easier than that using 
the closest prior art device. 

10 CLAIM: 

A DEVICE FOR MEASURING SPECIFIC 
ELECTRIC CONDUCTIVITY OF LIQUID 
MEDIA, comprising a dielectric tube with a disk- 
shaped and a ring-shaped electrodes arranged 

30 



15 therein, a dielectric spacer arranged near the disk- 
shaped electrode and forming a cup together with 
the dielectric tube, a voltage recorder connected 
between the disk-shaped and ring-shaped 
electrodes, a current recorder and a variable 

20 resistor connected in series to the disk-shaped 
electrode, characterized in that a cup bottom 
being the dielectric spacer is made to be solid and 
of the same dielectric material and of the same 
thickness as the tube, and a technological process 

25 power supply is used as a measurement power 
supply, a second terminal of the variable resistor 
being connected to an output of said power 
supply. 
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